Background/Aims: When computed tomography (CT) does not indicate choledocholithiasis in highly suspicious patients, there is no definite consensus on the subsequent modality. Endoscopic ultrasonography (EUS) indicates fewer procedurerelated complications than endoscopic retrograde cholangiopancreatography (ERCP) and has a lower cost than magnetic resonance cholangiopancreatography. Therefore, we aimed to investigate the diagnostic value of EUS in patients with suspected choledocholithiasis and negative CT findings. Methods: Between March 2008 and November 2014, we retrospectively evaluated 200 patients with negative CT findings and high or intermediate probabilities of choledocholithiasis. All patients initially underwent EUS followed by ERCP as a confirmatory criterion standard. The primary outcome in these patients was the accuracy of EUS in the detection of choledocholithiasis. The secondary outcome was the clinical prediction of common bile duct (CBD) stones in this group. Results: EUS indicated choledocholithiasis in 165 of the 200 patients, and ERCP confirmed choledocholithiasis in 161 patients (80.5%). The accuracy of EUS in the detection of choledocholithiasis was 94.0% (sensitivity, 97.5%; specificity, 79.5%; positive predictive value, 95.2%; negative predictive value, 88.6%). A multivariate analysis demonstrated that choledocholithiasis was strongly predicted by EUS detection of choledocholithiasis, an age >55 years and a clinical diagnosis of cholangitis. Conclusions: An EUS-first approach is recommended for patients with suspected CBD stones and negative CT findings. (Gut Liver 2017;11:290-297) 
INTRODUCTION
Choledocholithiasis is a complication of gallstone disease that occurs in approximately 10% of patients with symptomatic cholelithiasis. 1, 2 It is important to diagnose common bile duct (CBD) stones, because they can cause morbidity (e.g., pancreatitis and cholangitis) and mortality, especially if treatment is delayed.
2,3
The initial evaluation of suspected choledocholithiasis should include biochemical liver function tests, such as the levels of alkaline phosphatase (ALP), total bilirubin, alanine aminotransferase (ALT), and aspartate aminotransferase (AST), as well as transabdominal ultrasonography of the right upper quadrant. Many investigators have noted that the probability of a CBD stone is increased in the presence of multiple prognostic signs, and so the American Society for Gastrointestinal Endoscopy (ASGE) criteria are used to categorize patients as having a low, intermediate, or high probability of having choledocholithiasis, using their clinical and biochemical findings. 4 In practice, the majority of patients with choledocholithiasis visit the emergency room, and so computed tomography (CT) is often the firstline diagnostic modality, due to its convenience and its use in the differential diagnosis of acute abdomen (e.g., perforation). 1, 2 This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. (Fig. 1) . The patients' clinical risk of choledocholithiasis was assessed using the ASGE guidelines, which provide a management algorithm for patients with symptomatic cholelithiasis according to their probability of having choledocholithiasis. Based on these criteria, patients were categorized as having a low (<10%), intermediate (10% to 50%), or high (>50%) probability of choledocholithiasis, using their age, liver function test results, and transabdominal ultrasonography findings. 4 We excluded patients who had been diagnosed with pancreatobiliary cancer, had undergone cholecystectomy, or were <18 years old. Gachon University Gil Medical Center Institutional Review Board approved this retrospective study's design (GDIRB2015-53).
EUS/ERCP
Two endosonographers with at least 1,000 procedures of experience performed the EUS using a radial scanning echoendoscope (GF-UE260-AL5/UM-240; Olympus Corp., Tokyo, Japan). Positive identification of CBD stones was defined as a 
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hyperechoic focus, with or without an acoustic shadow, which was observed within the CBD stone. The size of the CBD stones and the widths of the CBD were measured. ERCP was performed as a criterion standard for confirmation of choledocholithiasis within 1 day after EUS using a TJF-240/260 duodenoscope (Olympus Corp.) by the same endoscopist who performed the EUS. After selective biliary cannulation, a cholangiogram was obtained, and sphincterotomy was performed when indicated. If a filling defect or stones were present in the CBD, bile duct sweeping and stone extraction were performed using a retrieval balloon and/or basket. When deep biliary cannulation was difficult, an aggressive cannulation technique, such as infundibulotomy, needle-knife sphincterotomy, or transpancreatic papillary septotomy, was used. The stone's size was calculated on cholangiography when possible. A definitive diagnosis of choledocholithiasis was made based on visual assessment after stone extraction.
Definitions and assessment of outcomes
Biliary colic was defined as pain that was localized to the right upper quadrant or epigastrium. This pain usually started abruptly, persisted without fluctuation, and resolved gradually over 2 to 4 hours. 16 Clinical pancreatitis was defined as new or worsened abdominal pain that lasted for >24 hours with elevated serum amylase and/or lipase levels that were >3-fold above the upper normal limits. 17 Diagnosis of clinical cholangitis was based on the 2013 Tokyo guidelines that were proposed for the diagnosis of acute cholangitis. According to these criteria, cholangitis should be suspected if a patient has fever and/or shaking chills, or laboratory evidence of an inflammatory response (abnormal white blood cell counts, increased serum C-reactive protein levels, or other changes that are suggestive of inflammation) with jaundice or abnormal serum liver biochemistry (elevated ALP, AST, ALT, or γ-glutamyl transpeptidase levels). 16 Procedure-related complications, including post-ERCP pancreatitis (PEP), bleeding, and perforation, were graded according to the consensus criteria as mild (2 to 3 days of hospitalization), moderate (4 to 10 days of hospitalization), or severe (>10 days of hospitalization). PEP was diagnosed based on the presence of typical abdominal pain that was associated with elevated serum amylase levels that were >3-fold above the upper normal limit at 24 hours after the procedure. Bleeding was defined as clinical evidence of hemorrhage, such as melena or hematemesis, with a >2 g/dL decrease in hemoglobin levels or the need for transfusion. Perforation was assessed during the procedure by visual inspection, or after the procedure by plain radiography.
Statistical analysis
Categorical variables were analyzed using the chi-square test or Fisher exact test. Continuous variables were presented as mean±standard deviation, and were analyzed using the MannWhitney test. Multivariate logistic regression analysis was used to evaluate the predictors of choledocholithiasis. The sensitivity, specificity, positive and negative predictive values, and diagnostic accuracy were all calculated using the 95% confidence interval (CI). A p-value of <0.05 was chosen as the significance threshold for all tests, given the Bonferroni correction that was conducted among the study cohort. All statistical analyses were performed using SPSS software version 18.0 (SPSS Inc., Chicago, IL, USA).
RESULTS
A search of our database identified 200 patients with negative CT findings and an intermediate or high clinical probability of having CBD stones. Among these 200 patients, EUS revealed CBD stones in 165 patients (82.5%), and 161 patients (80.5%) were confirmed to have CBD stones via ERCP (Fig. 2) . Eight patients (4.9%) were ultimately found not to have CBD stones using ERCP, despite positive EUS findings. In contrast, four patients (11.4%) with negative EUS findings and suspicious clinical symptoms were confirmed to have CBD stones using ERCP. The choledocholithiasis detection rate in patients categorized with high and intermediate probability of choledocholithiasis according to ASGE guidelines is shown in Figs 3 and 4 . Sixty patients (83.3%) with high probability had CBD stones among (Fig. 3) . One hundred one patients (78.9%) with intermediate probability had CBD stones among 128 patients. EUS revealed choledocholithiasis in 98 patients (97%) (Fig. 4) . The baseline characteristics of the patients are shown in Table  1 . The presence of cholangitis, CBD stones detected on EUS, and CBD diameter measured by EUS were significantly different between the choledocholithiasis and noncholedocholithiasis groups (p<0.001, p<0.001, and p=0.029, respectively). The diagnostic accuracy of EUS for choledocholithiasis was 94.0% (95% CI, 89.4% to 97.1%) with sensitivity of 97.5% (95% CI, 93.4% to 99.2%), specificity of 79.5% (95% CI, 63.1% to 90.1%), positive predictive value of 95.2% (95% CI, 90.3% to 97.7%), and negative predictive value of 88.6% (95% CI, 72.3% to 96.3%). The false-positive rate for an EUS diagnosis of choledocholithiasis was 4.8% (8/165; 95% CI, 2.3% to 9.7%) and the false-negative rate was 11.4% (4/35; 95% CI, 3.7% to 27.7%).
There were 24 cases (12.0%) of ERCP-related complications, including 14 cases (7.0%) of mild PEP, nine cases (4.5%) of minor bleeding, and one case (0.5%) of infundibulotomy-related perforation (Table 2 ). In addition, six cases (15.4%) of complications occurred in the noncholedocholithiasis group during the ERCP. All patients who developed complications recovered uneventfully, and no procedure-related mortalities occurred.
We performed multivariate analysis to identify the independent predictors of the presence of choledocholithiasis, using the factors that significantly differed between the choledocholithiasis and noncholedocholithiasis groups and factors that are generally useful for the prediction of choledocholithiasis. The multivariate analysis revealed that the independent predictors of choledocholithiasis were the presence of CBD stones during EUS (odds ratio [ (Table 3) . However, CBD dilation, liver function abnormalities, and ASGE probability were not significant predictors of choledocholithiasis.
DISCUSSION
Although CT is not the imaging technique of choice for patients with clinically suspected choledocholithiasis and is not mentioned in the ASGE guidelines, it is commonly used for the differential diagnosis of acute abdomen and for the detection of bile duct stones, especially in the emergency room.
1,2 Interestingly, helical CT scans have a reported sensitivity of 65% to 88% and a specificity of 73% to 97% for choledocholithiasis.
1,2,18
However, the ability to detect bile duct stones by CT depends on a number of stone-related factors (size, shape, position, and density), bile duct diameter (dilated vs nondilated), CT technology (conventional vs helical), CT technique (slice thickness, reconstruction interval, pitch, kVp, and administration of contrast material), patient selection, and interpreter variability. 2, 18 Among these factors, the small size of bile duct stones and isoattenuation can make them more difficult to identify, 2, 6 and cholesterol stones are iso-or slightly hypo-attenuated (relative to bile), which makes them especially difficult to detect. 2, 18 In this study, 92 patients (57.1%) had a cholesterol stone, and 79 (49.1%) had a stone with a diameter of <4 mm. All patients in this study underwent ultrasonography to measure bile duct diameter, as mentioned in ASGE guidelines. However, a limitation of ultrasonography to evaluate full extrahepatic bile duct is that it could easily be disturbed by stomach gas or an obese abdomen. ERCP is highly accurate for diagnosing bile duct stones, even if the stones are not detected via CT, and it has been the gold standard for preoperative visualization of the bile duct for many years. 1, 9, 19, 20 However, the nonselective use of ERCP in patients with suspected choledocholithiasis only detects CBD stones in <50% of cases, and >50% of patients undergo an unnecessary invasive procedure, with its associated risk of morbidity and mortality. 2, 6, 8, 9 (20) Data are presented as the number (%). ERCP, endoscopic retrograde cholangiopancreatography. *All cases were mild post-ERCP pancreatitis; † All cases were minor bleeding; ‡ Perforation occurred during infundibulotomy; § Post-ERCP hyperamylasemia is defined as a 3-fold or greater increase in the serum amylase level 24 hours after ERCP.
In the last decade, many studies have demonstrated that EUS is as accurate as ERCP for detecting CBD stones, and that it has lower mortality and morbidity rates. Furthermore, diagnostic EUS is rarely associated with complications, compared to complication rates of 5% to 6% and mortality rates of 0.07% to 0.1% after diagnostic ERCP. 3, 6, [21] [22] [23] [24] [25] In the present study, we did not observe any complications that were associated with EUS, although ERCP was associated with 24 cases (12%) of complications (excluding hyperamylasemia). Although a simple comparison of the complication frequencies for EUS and ERCP did not reveal a significant difference, six patients (15.4%) in the noncholedocholithiasis group experienced ERCP-related complications, such as PEP and bleeding. In previous studies of EUS for detecting CBD stones, all subjects were usually cholangitis patients. Moreover, there is a lack of research regarding the necessity of immediate ERCP in patients with an intermediate or high probability of having a CBD stone (based on the ASGE criteria) and negative imaging findings. Therefore, we focused on this group when evaluating EUS as the initial approach to CBD stone identification.
EUS results are not influenced by bile duct diameter and stone size. 5, 20, 26 In contrast, cholangiography often fails to detect CBD stones that have a diameter of <4 mm, especially in the dilated CBD. Therefore, because small stones may be mobile and move toward the intrahepatic bile ducts, the operator might fail to detect the stone. In addition, jet injection of contrast media into the CBD or overfilling of the bile ducts may decrease the resolution of the cholangiogram for stone detection. 6 Previous studies have suggested that EUS should be used before ERCP in patients with an intermediate probability of choledocholithiasis. 1, 6, 7, 27, 28 However, the management algorithm for choledocholithiasis (based on the ASGE probability of choledocholithiasis) has several limitations. For example, the criteria for determining the risk of having choledocholithiasis are not well defined, and Buscarini et al. 29 have reported that choledocholithiasis was present in <50% of patients who were classified as being at intermediate risk of having biliary obstruction (based on their clinical, biochemical, and sonographic findings). In addition, liver function tests (including total bilirubin) are commonly used for risk stratification, although they may be affected by other diseases (e.g., systemic sepsis or chronic liver disease). 9 Furthermore, according to the ASGE guidelines, a total bilirubin of >4 mg/dL is a very strong predictor of choledocholithiasis, and direct ERCP is recommended. 4 However, our results indicated that an elevated total bilirubin level was not a significant predictor of choledocholithiasis in our multivariate analysis. Furthermore, CBD dilation, clinical gallstone pancreatitis, and ASGE probability did not significantly differ between our study groups. Moreover, among the ASGE factors that are very strong or strong-to-moderate predictors, only the presence of clinical cholangitis and age of >55 years were strong predictors of choledocholithiasis in the present study; the presence of CBD stones during EUS was also a strong predictor. In the present study, the ASGE criteria provided a diagnostic rate for CBD stones of 83.0% in the high probability group and 78.9% in the intermediate group. Therefore, these criteria provided a less accurate diagnosis, compared to the use of EUS. Although ERCP was recommended for patients in the high probability group, our data showed that 12 patients (16.7%) among 72 patients had no choledocholithiasis according to ERCP whereas EUS revealed that 10 (83.3%) out of 12 patients. Furthermore, if choledocholithiasis was detected on EUS, the operator could usually perform ERCP immediately. Thus, we suggest a revision of the ASGE criteria to recommend that EUS should be used to select patients for therapeutic ERCP and to avoid diagnostic ERCP in patients with intermediate or high probability of CBD stone with negative CT findings. On the other hand, because "CBD stone(+) on EUS" may affect the results of multivariate analysis, we also performed the multivariate analysis after excluding the EUS findings. Only cholangitis showed a significant predictor for predicting the presence of choledocholithiasis (p=0.01) and age more than 55 was not a predictor (p=0.475). However, because the p-value of ASGE criterion for high versus intermediate probability was 0.06, the ASGE criterion should not be overlooked.
There are several limitations that warrant careful interpretation of our findings. First, this was a retrospective analysis, which has inherent design-related limitations such as minor selection bias. Second, the specificity of EUS for choledocholithiasis was lower than the specificity that was reported in previous studies. Third, although EUS can clearly identify the distal CBD, it can fail to identify the far distal CBD, ampulla of Vater, and perihilar bile duct. Nevertheless, we considered that stones in these areas might not be identified by EUS, and so we paid careful attention to these areas. Fourth, ERCP as a confirmatory criterion standard might miss small stones. In this study, ERCP failed to confirm the presence of CBD stones in eight patients with positive EUS findings. This discrepancy may be related to this limitation or spontaneous stone passage.
In the present study, we evaluated the usefulness of EUS in patients with intermediate or high probability of CBD stones and negative CT findings. Given the limited sensitivity of CT, the risks of ERCP-related complications, and the high diagnostic accuracy and safety of EUS, we propose that EUS may be a suitable method in these groups when determining whether patients should undergo more invasive ERCP procedures.
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